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ST IR 2020 A AAT (B HEBURCEE 5 8 B (IRAT) ) (2019—2020 41 4 [ i HE B A SE 5 Bl 4
S TBEE 5 BT R (R HATL) YR SO bR R A A E T 1E 2R B
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HEREBR 2084 S0 Tl e A £, AT Tl F O MR A2 18D | S 0 0 Tl A 25

Ap, =p,—p,'~Ep.=Dp,~Ep, o

Fee i i B 5 W i 300 505 SR B R R B9 38 SURMI I8 /D R RS AT RN SRR R R 1Y 38 SUAMI
W REET R, © NPT 750 BN TE B, P T 3 A7 A6 3 e it 37 ek 1) H A 5 H )0 i 7 e
M LAY D22 SCRMI AR B w5 FERAN T 7 G OC &R | il i1 37 i 0 H A5 H 7 i 3708070 38 SCRb
W5 H bR a T —20, vl DA ar b SC Blan i 7 5 i g i e 2 g, IRt DE Ak St & B A
R AN o] DA 8052 B AS T 7 B B ke

g, SEIE K R

1. REHGE
TR (4) TP TCIB R R 1 e R L T S A AR AT A T . B R R Tl
F P 5 R P 2Z 8] BE s AR B RZ R, AR SO Tl P 55 )3 R P b A7 H T 7 SR A A 3L 1Y
Gttt X B B (2020) 1977 R T AT 22 8O0 BOARAS AR G 1] I A8 A% J R R 5 12 5
Tl o 7 R AT RGN T, LAUTH BR 38 3R 22 TR RH OGP 45 2 SRS i A R Al i = 8k, Al H s
R 2
Ing i =% +6, Inp Wi TV lnpiﬂ +6, Inp " xCarbonjt +y1'lnpijt mebonjt +d, 2yt v, ey,
Ing =0 1, lnpij, +y,1np it 45, Inp 5 xCarbonjt +y,'Inp i XCarbonjx +d, 2t v, 8, 6)
RN LR Y TN 0 | B B S D ot AN 1 B A G 8 N s o [ -2 5 s s A L
Wit o Carbon, F/RIRTNT j 755 ¢ A A S 1 8 T 5 BUR | 1 2R S8 1 8y il s UK, 0 3%
ANBEA e, Z F s AR AR AR T AR AR TV T ¢ 5 R R B a3 % R
HF BT B, 5 B, AR BN TR 5 T 1T A0 F1 AR e By, 5 58 B R R 5 Tl 3R 02
AR AR, B B, AN SN, 43 i R e B Tl AR 1T A A% P A Bk i 37 1l X
HAER A X 25y, 5y, o3l 2o FE R 5 Tl ER 17188 SCU A s 78 e 117 3712 b DX 5 4R 1R
HIIX Y22 5% RN IR TR RE AL v, 7 A7y [ A2 8O0, e/ BEAIL IR 22 10T
T3 A ARSI X B AR X L ) T ks AR RO AT T AT, {52 Sijm et al.(2006) \Fabra
and Reguant (2014 ) , F FH Ak 17 5 4% B8l L S 03 T A0 ks il v v 61 T 35 v e A X7 L o )

@ BAENES W T E D235 M5 (http ; //ciejournal.ajeass.org ) B
@  FEUHIRY R U AR IC MU A R AN AR XS S A TE SR M 2 (2012) % 36 = A [ A8 B A K A, S ORD
K A (2017 ) %ok [ 9 B 96 H A0 T 90 BT 4 v 5 R v s W 9R AR RU A B e L AR 6 A5 S A N R 2 (i
7GR TH ) HL B AN B H 3 SRR Al | RO AR SR B AR B T TR A SCRY 2 M P R ) B R 0 RS A 32 BT
] K 2 T (A ) K e o o 2 ) O T A (0 R g i S 0 R e 2 T 2 T Y v ) e P e LA R 9 S
A,
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EXE B ATHYEITMESRTHNEIEIT

1L 3R BEAT T ARG T, BRI ST 0T T AR BT P AL TR g SRR X ol P 1
1 3R £ AFAEZE S R CTE Pless and van Benthem(2019) BY5&fil F SR FHAUAS ARG MRS ¢, 5
EATRGART AT RRINT

Py =0 +E, P+ 2y 4By o Y Y, HE,

P = +&.p ',-, +o, Z; 103, Pyt U, +Ey,

Horb MR i b S FROR O ERTT JE RER T ST S p L p e BIFOR LN BRIN, Z 3R
AN B AR ;AT KRR K T SRR A A xR il AR & ¢ &
PARIIE SN 1 DT I B I i R s Ao T I LR Y ARV <0 N o i DA S QAR S
BEALIR 2270

2. HiiEi A

1 T ASBIF S A B A B ok A b A S S S MY & Oy K TR MCE R Ml A1 & T 2006 4F LA
K 100 AT Tl 5 s RS T T AR AR R, DAL AR SCRAEE 100 328 K A 30T A FEA
HEATOE ST, AT I 1R) 5 52 2 2006—2018 4, 100 N FEA I T i AL 17 /> T 37 128 2 i X 2R 83
AR I (R 1 R B A A 2 3 MRS,

(7

=1 AR T 53
X I Wt $ i 17 4 1 11X A1 (%)
IR 36 11 30.56
s 30 5 16.67
R 34 1 2.94
At 100 17 17.00

AR SCAE T B Fi A 0 £ 15 2006—2018 4 100 /N30T 114 okl i A B HTHL A BE A A L il Tk
Z B T2 T A A Al AR A AN SO F B8 V2 1T A R A R e A A R R T A 3 AR SO fo P A R KR
PR VR T [ 22 5y V- 60 R 7R X H B i B AT AR R TR 2y AR SO L A
0 AL 4 Tl R A FRR R AR AR PR | A P A A A SR R Y R R B AR i LS
TV FRIT o BRI SR 6948 B A S B oK U T D AR (R TS SETH AR AR ) . 3T G R U o
BT P EARR BN, A SO R AR R e AR B DA BT A o A R AT Sl =
T A UG IC , 2% 28 S A F R PEGETH N 3R 2 firzs , W LUR I, Tl 3B I T B i F3E 8 111.85 /2 F R
i, 20 BRI 09 5 45, Bk, 7 W T B0l 52 SCRM I ) e e ey o B ARG Tl L
YU RT A S BT e DL R B HE A B3, AT AP IR SE 1R L 0 T 37 5 T 3 AR S I 5 B
A5 B D38 B AR HE 22 o 3 W1 4% DX Tl A5 s R L B A7 AR 28 5 | 3 N AR SO E 5 4
B 7B ER B SemE AN DT, Tl A T R 28 S W AR L S A e ] B A S
A TR TEIE Tl L i R e B AR B T 7 DX E A g e T AR X

@© HEMHEAE B K (http : //www.chinaprice.com.cn/) o 4% SCULKE A 4% 45 2 0 eb B v 4 B8 5 48 i R R 0
Z2 Do RH SR AR AT SRR T R A 2 BEAT TOE L TR SE T AR W SR A T AN AR B g TSI

@ 17 BT AL Bl R RO BT DL W AR s s R R RA T s AT
ST, 2R T T TRINTIT SEINTT Gl S 717 e B s M T BT T RN TT =0T

® MHEK S VA (hitp ://www.tanjiaoyi.org.cn/k/index.html )
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=2 TE#IAESIT
75 22 THIMHE o 22 I /ME I K AE

Tl s (f2F B 1199 111.8500 141.5700 0.2197 1227.8000
&R H (2T KR 1197 22.3500 32.4490 0.1184 239.9800
ol L fr (JT/F LA ) 1300 0.7368 0.1113 0.4439 0.9300

B 117 350 5 M X Tl B AR (/T BLA ) 221 0.7960 0.0904 0.5950 0.9300

FERR T SR X Tl FL Ay (T /T BLI) 1079 0.7210 0.1113 0.4439 0.9100
J5 R (T BOH) 1300 0.5241 0.0567 0.3600 0.7600

B TIT 3 1 A0 Mt X R R A (U0 /T BLA) 221 0.5587 0.0758 0.4450 0.7600

JERR T S DX R LAY (OO T LB 1079 0.5166 0.0494 0.3600 0.6150
HRPEENT (TN 1233 545.2000 413.4100 43.3500 3404.0000
(I CS N EER /A 1229 166.3900 213.2900 8.4500 1939.7400
NAEE(NPEPFAR) 944 500.3600 406.3300 4.7000 2648.0000
N E X AR = B (FOT/A) 1135 385.2800 345.8200 0.0140 4677.4900
3R (0.1°0) 1255 146.7000 49.3250 42.0000 254.0000
IR B (%) 1255 65.4150 10.6040 31.0000 85.0000
8l ol A 5L TR (%) 1232 45.9570 13.6300 7.5300 84.4000
5 A (%) 1136 48.2390 10.2500 18.2700 85.6400
Tl Ak (A4 1229 1864.0000 | 2329.0000 19.0000 18792.0000
Tolk 8™ {E (12.7T) 1043 4433.0000 | 5702.0000 20.1760 32445.0000
Tk K & (B 5 1220 188.6300 288.9600 1.0400 2562.3600
ATl H &= (12 T oK) 1170 5.6588 17.8010 0.0000 195.9900
A4 Tl B () 1190 3.4029 8.7656 0.0000 77.1690
& R & (12TT) 1216 2560.0000 | 3675.0000 80.2800 34019.0000
Ji B A 3 K (A T3 ) 1220 118.2400 184.2900 1.2600 1665.0000
ISR NE = (2 7K 1170 1.3644 3.1028 0.0001 62.1480
AT S EE R (7 ) 1187 3.1112 5.8694 0.0004 46.8500
TER IR T3 % (T8I N) 1226 4.6282 2.1236 0.9236 14.9840

T, W) T R R AT A

T TR B T s 0 L T T 5 B W AR AR A TR T A Ak B 2R B X R T
T X5 AR R X AP L T T W JCIR IR G R AT TN IR0 T B CIE R R R T
FEL A1 ) ) R R B L S ) e R TR PR A

1. Mrig@ T

AT A HHBAASAR 5 [ YRS A 3 1 e 7 37 1 sl USROG Tl 5 J RS TT ol T 11 A0 A% ik 5 52
SUI AR SR RSN, R 3 e AR IR R SR (1) () SN TR S AR O 04 [ E S 5
(3) (M) FITE B LA bt — D3 7 Ty 22 5% R ARA S Tl R 1] 55 J B Tk o A e A e, A
55(3) ()P RIEIR AT LUAR 5 7 371 BOR B S0 BE 9% 125 PR AR i s i i e @ 5340

Tl 5 R BEER TR A A A% S5k S8 SUAAR SR AR S DR 5 2 T

WHAT  EARERERR, Tk

JTRRY B WM S R T B R 5 R ORI AR R (2017) B ESIE — B, X — 07 R B

@ ASCHRAE Qian(2008) RS AT M (2017) (0 B B HEAT T AR AEPEAG 56 | BLARSE SR 2 0L (P ] M 26 5% I35

(http : //ciejournal.ajcass.org) B4,
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EXE BATHYEITMESRTHNEIET

FI Tl 9 R A o e, 5 B Y A, A5 F 0 Tl S B (9 5 [l AR A 5 o5 — D T i e 1 1 A
P ZR BRI TR L 3 H P E B B0 T R S O 2 A L R FE LA B HR i, IR RA T EOR
JI G RAR AR T 5w HE H AR R 2

%3 Tl 5ERERITEANEME
s In(q;) In(q,) In(q;) In(q,)
(1) (2) (3) 4
In(p;)xCarbon —0.3797%** —0.3394%#** —0.2597%** -0.1088*
(0.1347) (0.0977) (0.1171) (0.0580)
In(p;)xCarbon —0.6205%** —0.5408 3 —0.4379%** —0.1808%**
(0.2006) (0.1456) (0.1746) (0.0865)
In(p,) -0.0057 —0.2097%#*3 —0.2056%*%* —0.0726%**
(0.0529) (0.0384) (0.0584) (0.0261)
In(py) —(0.3553#** —0.1620%** —0.2444 %% —0.1280%**
(0.0865) (0.0627) (0.0849) (0.0423)
2 1 A% A fa il Ech s 1l Fs il
I T [ S0 eyl i 4 i il
A Ay 1] S 5K Pl ] 4l 2
i e] —0.9184%*** —1.4165%** -0.2160 —0.6180%**
(0.2634) (0.1911) (0.2656) (0.1193)
WL AE 923 923 754 754
R? 0.9549 0.9822 0.9610 0.9832

T e o % SR BIRIR 1% 5% 10% 89 1.3 KT 455 8 A b e i, Tl P v s 8 B9 42 1) 78 4 4 iR 3 Tl 2 L 5 AR d KU
Tk DL RS T A 6 A 0 72 Ak 5 S BT v R A4 T R A R SR T R L 2 DR i R U DU S S AR S i R R i,
TRER,

2. BiREERKERTHBEMARIZIT

ATCAESR 3 55(3) ((4) s S5 R B SEAL L3330 1 H i sifdtk e 6 7 69 J0 I 0 R A ik T
G i 3 DX Y 5 0 BB A A B 55 S SUANAR Bk | A R AR IS X Tl 55 s B A0 A
LA SRR A 2P M AR SCRR R 3 (4) BT B 1T 37 3 DXL R R DX T 3
TEIRIR IR AT LA B B 37l X R ) T 37 1 O TS 4 2 R AR T AR S X O 4 2k R B
e 7 37 1 DX P, T TS8R e T AR R DX DA T 26 ik B sk 1T 3 428 5 3 v 0 T 3 2R 1 i
HAEH

ETH AT A5 T 371 A5 A it X TG TR O AR A R L A SGE a Tolk 5 s R A A Y
DAL R DL AL S T S JE B % BRASCIRZS TR S0 1 Fia A LA P LA A5 5 SR I T8 451
KA 0=0, 5817, BLSE A7 AR 9 22 07 LD A v AN TR RSN BE— BRLTIT 0 | DAL IG | AS 9 0 15 i e A o
9 5 5 LA L T T 3 08 B A X B i DG TR 10 2R R 58 ORI 252 B A P03 i 35 3 i 55 26 O
FUbR 5 ZEAT ) — 5 B TCTE 1 2% (X F 8055 ,2020) , 3% -5 BT 18 19 2 258 8 18 1T A9 0 B i A 2
AL, PRI, AT LA S A 05 B WA P AR B BIE 5 11 DR A 422 52 1) A3 2800 58 SUCAN I JC IR I R RS M
ARAE X (2009 ) B9 55 | o SRk AR 7 5 AL B 22 L BT G 1 BRIsA S 1,191 g8, Rt A SCRE

Sy B ARSI B %6,=0.1910.,

@ B o R 5 A R S DL [ Al 22 5% ) 3 (hitp < //ciejournal ajcass.org ) BHF
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LA IR 8 7 T, 2019 4F (UM TAE e ) 2R 4 22 B AR TRk F A -F- 24 7KF 1Y 10% 52020 4 (L
I TAE A YR AR SR AR TR AN KO 1 5%, 2 F B RBOK H s o 0y i 00 B AR JE i ik
FRHEWR AL F BRI T R F 9 R T A AR BT B XS AT O R RN R R
P ARAS A Tl B A @t i 5t BRI Tk F B A A6 R A8 | (00 2 R A, O Toll FL T B
10% , [ B 8 B F A A T I 3, @ Tl LA T B 14.50%%, R e R A TR, R4 BR T AT
L ST S TR S R B B R H b, 0TI 3 s X5 = 5 i XA DU e £ 137 5% R 1
AR BRI . 4 PSS SRR JCIE R T 3708 s X TR R ARG s i X 3 o ARG Tl e A 1 S 4
o S RN 1Y 7 TR B B AR JCIB A0 R 38, 55 A | PRl o 4 i Bl A0 T AS R 3E Tl A AR BE %
SCHLE BRICIE IR R AR DL R B RS 9 R 4 R o A R E T T 3 SE BRI B AN T AT
(MRAA 3R ,2010), DA 2SS0 A v ok e 28 Tl i A 5 i B Pl L R) R A B S B el Fy il
R R, E TS ERAMIEFRFENG ST, TALE A TREAEZL B3 HirCERAR
JT e B R R A T ) T e N 5 A T A A B AR D AR O B T B e X R A 4
Tt Eb i = T AR IR A X

x4 BREITBENERLIZIT
= b o
0,=0.7171 | ATV B Hi% 0.7988 0.5580
A Tolk BN s B LA AN 8 0.5580 AAE
Bweis | A8 J R A A, T A AN AR 0.7988 0.7836 A 40.43
e Lol AN AR 109, F5 B H A I 4% 0.7189 0.7677 10.00 37.58
Tl A AR 14.5% , i B FL A 3 5 0.6830 0.6732 14.50 20.65
6,=0.8453 | ATV B 4% 0.7364 0.5188
AR Tl s AN | D AN AR 0.5188 AR
FEmdiy | AR S R A, Dol A AN A A2 0.7364 0.7717 AAE 48.75
PN s 00, B RBMINE | 06628 | 07235 | 1000 | 3946
Tl LA AR 14.5% , 8 B A A 9 0.6296 0. 5962 14.50 14.92

e 6, FeS AR 91 AL B 373 X5 A X1 38 RN TG B 2 3R 6, o FBR A AN LI R R

RT3 K R D SR i R X HE TR S A SR P A 2 BRI A e A A ) A A B
] X3 L 00 5 o 2 HE A PR ) @0 DU Sz 5 3 55t T WL IR B e SR BRI R AR R AT TR, R
5 BIE KRR BEHE B IO B A A H T R0 B B T B B RE T RIS R T
FL 3T 30 B s S B F AR B i 5 SN A T o [ < XURR ™ H AR BRI SE B, AR T 3 o LRk
1 5 X5 AR ot DX T S O A (R — S 30 B OB AR A mT DU B, T 31
DX L T 37 e o AR s HE O B v T AR X, S AR SORE R T 1 5 L T G
WeZ FE g At 151y A Bk T 1 R D Al B TSSO AR DRSS AR I T BRI

@
&)

2019 5 TRV A T FE 109% 0 B A5 58 4 5L LS, 2020 46 TR A 4k 28 T 5%,
Z DL E LAl 2 5% ) 5 (hitp ; /lciejournal.ajcass.org ) B,
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EXE BATHYEITMESRTBNEIET

&5 MUBMNIEH BELL G RBRAMET L

i 1 ik A X R i X
Dl (%) | RER (%) | BHHcRE OT) | Tlk(%) | J8R(%) | BB 7 )
(1 (2) (3) (4) (5) (6)

Tl AT R

Tolb AT o R -27.59 -7.33 -567.7973 -11.91 -6.24 -104.3685
Tl TR 10% , i R0 % -20.99 -2.16 -414.9171 -7.59 -4.32 -66.9687
Ll TR 14.5%, 5 R R 4 -7.34 3.00 -126.3681 -0.67 -0.86 -6.5198

. WA TR S5 A E 6w K

2021 4, A E T (kAT B A B A IS 1T | B S W T3 b AR f R R EL 9 IE
SN AT S 10 W BAR T H A 7= 2 B b AR B AR | b 23 B T A L TG S R
PR &, LT S 0 A LA 1) 505 A2 BN A0CR B b S ascHE B AR SR 295, Sy 7 IFGE L BTl 47 ¢
BT S uak i i e A b, AR 1 SEAG 1 T 8 T 3 v s e % e T A v TN R A A DA R S R
FH AN B 045 T35 7R DGRl 1 2B T 4% 5 548 gl Jod B 5 K AR A T Sie D il 1 140 5% T

1. BRINITE A HIH N IRESRNMEIT

6 M TR R BUAR X B T S T A S T R AN AR N A T S e A
(1) (4) BN ARSI 0 AL 525 (2) L (5)FNARAEH A0 B2 20, 26 (3) L (6) 5 R B 4 il 1 45 il A2 |
3 T 1 2 SN 5 Ay [ e AN, NS (3) L (6) BN AT LR Y — T 85 1T 37 v B A X Tl F A Y 15
RH 6.27%, LA FEREAMN AL RN 1.18%, H HXT Tl B 19 15 3 R TE 109% 19 481K F I &
& i E R E AN B SR A 1% G KT LR ATRERY IR Tk i B R R R (R
2R B LR T B R 0 P 0 43 A A 3, A R B B | P R RO X AR A A
SO i E A HE T, PR SR T B A R T 3 v B Bl 6T T R AR A A O N R D)
Ak, 55 E SN X AN 915 558 (Sijm et al.,2006;Nelson et al.,2012;Jouvet and Solier,2013)#E4T
X EG R AT AR I o e e v 3 TR R Ml LA 5 R R AR 11 AL R R BN T BT KT T R R
o T o T S Ak TR A Y B T AL R A5 I S B0A WA 58 4 Kk PR S5 T AR TR
L 1T 5 I T S Ak R A RIS 2D | B AT SR R 8 58 4 S B 5 KO | A L e 80y w4 T 37 b ik
Mo Tl HL A 5 i B R £ R AR IR

2. RNEHE T#™ 7N 8L HE T

e T 37 2 v L SRR B AR I B Bz — A B T T RS S 500 A BE A AUOC R F
H A < 0L B A e A5 IR S B A A7 4 St A 06 2R 1 R ATl B R A IUR S8 AR,
B 7 4 [ 65 11T 5 B 1, Ao RHE PR AR T 3355 X A% ML B AT R 5E AN ) AR
T2 2R )2 6 S )RRk HE AR T 4 AR T 5 A0 B DA A A T AL 8 F DAY ok o 4 ) e
et B S | A% B 7 F T S R A T SIS0 T 0 B b HE E A AR S I s HE S S St
SR SRR 3K BN TR B I HE BSR4 4 IR T 3 e LA Ay

A | FE 2030 4F A S MR I HER A BT BiEE B Bk 0 R 58 3% 5 & R | ik Xt i
W (A% SN R TR I, 1 S K A B3 (2021) X R T 3% % TR B 3 S 40 M, B T 3 TP R A o) L
F1TT A 0L T 0T LRSS = A B B AR S — B BE(2021—2022 4R ) it B T 3 4 SR Ak T 3
BB B, et 6 LA 094G S RE AR S BRI | AR OB 3 — B B 19 A% T 3R A 5 7 A AKCOF | BIARAN X T
v HLA 4B 3R 6.27% , % T RN I1E TR 7.45%, TEH BB (2023—2025 4F) Hr kT %
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®6 MIFXBETHOAX TIBHE5ERENHESE
Tl JE R
1 (2) 3) 4 (5) (6)

31y 0.234] % 0.0685 0.0627* 0.1588:#: 0.0802% 0.0745%+%

(0.0361) (0.0422) (0.0369) (0.0201) (0.0232) (0.0229)
P i A2 Et P il il e 12 il il
B R 2 P il il P il 4 P il 4l
A 433 6 2 A il AP il il il A Al il
R 0.6357+% 118045 1.2655%#* 0.5124%% 0.2740 0.39387

(0.0100) (0.3375) (0.2918) (0.0056) (0.1716) (0.1678)
pUEZ(E 1300 765 765 1300 765 765
R? 0.8540 0.8860 0.9098 0.9184 0.9567 0.9594

500 7715 B T LI 57 | B X R 09 1 S B D0 3 AR L (TR AR B 100% , 45 G SCHROE T
At LA 5 5 90 B9 5 (Sijm et al.,2006;Nelson et al.,2012;Laing et al.,2014) , A< SCHCF- 3
18, BB B B T 3 h ik X ol 5 8 R AL 0945 %R 509% , 1628 = B Bt (2026—2030 4F ) Hr HL )
T3 3 (R B U HE ) BR 328 Wi TR AL | 7 7™ ks B B HE 24 SRR e A %o F A B0 A% SR 80 5% 25 R, O T e A S 3
B ST B SE A S 0 I A SCOBRR % Tl 5 s R s A 1045 S R B N 100%, ©

T 7T 7 AT A X L K4 Rk T TEAS R B B R S LRk, @ AR R BB BR T
dent | L AL 2018 ARk T SO B 0 A T D5 AR S E S AR i S X 2018 AE Y
SRR A AR T AREAIA B K TR — BB, B T Dol i 5 R i1 SR 8
1%, 8 T SBT3 0% B bR DL B st HE B A 4 1 T 3 0 S DL B 0 2 22 20 179.33 J6/0 Bk
W 7 ZEAE R AT B BE 7 AN Bk T S e X S5 i SR A LR 516 £, Hi K AR HEK R
DIl i 1l DX B B A5 R MR R T, A R AE AL S R BN 1B B0 T el el i S 20 B AR Sk
WHE EBR, FESE B B BEE BT 3 1 58 35 LSRR M X Tk DA K R 4% S R 4R T | 4 R T
Y (AR AN 75 ZEAE 2018 AF B35 1) SE Al 42 55 70.39% 5 T AZE R ot Toalk 5 3 B A% S 2R Y
M 100% 1955 =B B, 4 ik 1T 3 B9 i i B A A 39.31 o/l BV ][] s S 300 B ) T 47 i s 3 42 A H A
DA BRI HE E bR, BARE | HRT 7 A8 318 0 3 XA A0 5 1%, BB 17 373K 05 1) 42 AR T 3
EEAR Y R R BT SR S A BN % A DA R R S S T ORI S 2030 AERT BRI
W H A5

53 AR, T S O D B e D HE R ) B AR R v N R A T L % 8 U 4 i SR R
AAEZ B EER A N R (TR IR 2021), T EA D BRI DL R 25 @ i & 2wt
FL 8 TH FE DL St HEBOK S 72 A2 52 1 (Shuai et al.,2017;Shi et al.,2018), JF 22 m M ki i ¢
BORAS T BN e, £ HA s EEERWET KR AT LR bR AT LUy E 4R
H#:2% (Kim and Lim,2014 ;&S 55 2016), 8 T W5 L2840 DL 45 W8l i 2 3 5 F it
B BT, AR SCLL H AR 2018 AF AR HEB S Bk HE O BE L S AR HETGE W 30 5 2% IR 5ETE
HASKAEAA WO T, N CEI L 205 3G 0 28 X . B G IR T 3 mh e A e A 1 2 i

F8E (1) ()M T A Hofbh S A4 L K B (2 S R 08 00T B HEHUE B 3

© mTRefRCLRHBRPRE, FILE A% EESEEL 100%07 5
@ T AR R T S R AR SORRE AR AR S R AT
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x=7 AR R i X M A R ALAE S 5 E R BL. o/
doig EEmy | B S B e 4
(2021—2022 %) | (2023—2025 4F) | (2026—2030 4F)
(1) (2) (3) (4) (5)

b 57.6470 254.0762 84.3977 71.0224 iR LA
(51.6577) (340.74%) (46.40%) (23.20%)

Kt 11.1682 235.7806 41.7571 26.4626 PN
(20.0689) (2011.18%) (273.89%) (136.95%)

ki 35.8005 361.8823 80.2080 58.0042 K L
(28.0409) (910.83%) (124.04%) (62.02%)

WA 21.3317 126.2994 35.6267 28.4792 I R iR
(20.6310) (492.07%) (67.01%) (33.51%)

IR 14.1377 236.5615 44.4285 29.2831 N
(28.6262) (1573.27%) (214.26%) (107.13%)
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Power Market Efficiency Evaluation and Carbon Market Price Design

Estimation of Pass—Through Rate Based on the Perspective of
Power—Carbon Market Correlation

LI Xing', LIU Zi-min’, YANG Dan’, WANG Dao—ping'

(1. Institute of Finance and Economics, Shanghai University of Finance and Economics, Shanghai 200433, China;

2. College of Economics and Management, Southwest University, Chongging 400716, China)

Abstract: It is important to clarify the relationship between the carbon market and the power market, and
the price transmission between them. In order to improve the efficiency of the power market and achieve the carbon
peaking and carbon neutrality goals, this paper improves the design of the carbon market price so that the power
price includes the correct carbon cost. Based on the panel data of 100 cities at the prefecture level and above in
China from 2006 to 2018, this paper uses a seemingly unrelated regression model to evaluate the efficiency of the
power market. Furthermore, this paper estimates the pass—through rate of carbon cost to power prices under the
conditions of the connection between power and carbon markets, and improve the design of carbon prices in the
national carbon market under different scenarios. This paper finds that compared with non-pilot areas, the
deadweight loss rate of the power market in the carbon market pilot areas is lower, and the optimization of the
power price structure has a higher carbon emission reduction effect. After the power market and carbon market
connecled, the pass—through rate of carbon cost to residential power prices is higher than that of the industrial
power prices, but both are much lower than that of carbon costs to power prices under perfect competition. The
increase in pass—through rate can alleviate the contradiction between “power price cutting” and “carbon increasing”.
The coordinated realization of the power market efficiency target and the carbon emission reduction target under the
pass—through rate at this stage requires a substantial increase in the carbon price, and the optimal carbon price
only needs to be set at about 40 yuan/ton under the ideal situation of full pass—through rate. In the long run, the
optimal carbon price corresponding to the scenario of total carbon emission decline and the scenario of slowing
economic growth under the current conductivity is 255.05 yuan/ton and 173.63 yuan/ton, respectively. This paper
not only lays a theoretical foundation for the connection between the power market and the carbon market, but also
provides a policy reference for the optimal design of the national carbon market price.

Key Words: market correlation; power market efficiency; pass —through rate; national carbon market;
carbon price design
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